An important feature for the retention of service properties of products made from polymeric materials is their resistance to the action of atmospheric oxygen.
It has been shown previously [2 -5] that the rate of oxidation of electroconductive polymeric materials increases under the effect of an electric current. However, these studies did not take mechanical forces into account.
It is interesting therefore to study the effect of factors such as the action of an electric current and tensile deformation on the oxidation of polymeric materials.
The materials studied were compositions based on synthetic polyisoprene rubber SKI-3 (GOST 14925-79) containing 50 parts by mass of P367-E carbon black (GOST 7885-86).
Oxidation of the materials under the effect of temperature, oxygen, electric current and deformation was studied on an apparatus for accelerated ageing of electroconductive polymeric compositions [4] . This operates by recording the change in pressure in the system in which the specimen is tested. Improvement of the apparatus made it possible to carry out the oxidation process with simultaneous stretching. Changes were made in the design of the reaction vessel and the base with clamps to secure the specimen.
During the first stage of operation we studied the conductive polyisoprene composition (CPIC). During oxidation we plotted the change in pressure in the system during the time of the experiment. The studies were carried out under conditions of separate operation of the factors and also with all of them operating together.
It was found that when an electric current is passed through the specimens the initial region of the kinetic curves of oxidation is characterised by the release of gaseous products (not absorbed by the absorbent). This region is not present when oxidation is allowed to take place without the passage of an electric current. Under these conditions the initial region of the curves showed an induction period. The gaseous products formed during the initial stage of oxidation with the passage of an electric current contained a mixture of hydrocarbons. It was shown that the maximum rate of oxidation and pressure change were greater when the electric current and deformation were applied simultaneously than when either of these effects was used on its own.
For a detailed study of the oxidation process during deformation of the CPIC specimens it was necessary to select a degree of tension at which the properties of the composition show a marked change. For this purpose we studied the change in the electrical resistance as a function of the degree of tensile deformation of the CPIC specimens. Using the results obtained we employed degrees of deformation of 20, 50 and 100% in subsequent studies.
It was shown (Figure 1, a) that with increase in the degree of deformation the time of formation of gaseous products is reduced, and the amount of these and the maximum pressure change in the system are increased. This is due to intensification of the oxidation under the T/20 effect of mechanical load, in particular of tensile deformation.
The rate of oxidation also depends on the degree of deformation. The greater the degree of deformation, the higher is the rate of oxidation during the initial stage of the process and the greater is the maximum pressure change on the final region of the curves ∆P = f(t) (P is the pressure in the system and t the time of the experiment).
A similar pattern was observed in oxidation without the current, but in this case the period of induction is reduced and there is no period characterised by the release of gaseous products (see Figure 1, b) . It was established that the maximum change in pressure of the oxygen is greater when an electric current is applied.
It should be noted that the maximum rate of oxidation without the current increases to a lesser degree with increase in the deformation than for the ageing process when current is applied.
The final region of the curves for deformation of the CPIC specimens shows stable values of pressure change in the system. The reduction in the rate of oxidation is not due to the effect of the current, since it is observed when no current is applied as long as the specimen is subjected to deformation. It was found that the time of manifestation of this effect depends on the degree of deformation and the temperature.
We continued by studying the oxidation of CPIC under the combined action of electric current and deformation at different temperatures. It was found that with increase in temperature the initial period of gas formation is shortened, and the highest pressure value in the system and the rate of oxidation are increased. The effect of pressure stabilisation in the system at the final stage is delayed by increase in temperature. However, at an ageing temperature of 140°C this effect was not observed in the range of test times. This is due to the fact that at higher temperatures additional active centres are formed which help to prolong and intensify oxidation processes.
On the basis of experiments carried out at different temperatures we calculated the effective activation energy of oxidation under the combined action of current and deformation. Its value is found to be 20% lower than it is for oxidation without deformation.
It was established that the oxidation of CPIC under the simultaneous action of electrical and mechanical loads is the result of symbatically occurring processes:
1) the formation of gaseous products (identified in the course of the present study) at the initial stage, caused by the passage of the electric current;
2) the well-known autocatalytic process of oxidation, intensified by the mechanical action on the polymer matrix.
To ensure the safe use of an article made from an electroconductive composition it is essential to maintain a particular set of service properties. For this reason the study of the influence of ageing under the simultaneous effect of an electric current and tensile deformation on the strength of CPIC is important not just for scientific reasons but also for practical purposes.
We therefore determined the tensile breaking strength of specimens with different times of ageing under the simultaneous effect of an electric current and tensile deformation. Curves were obtained for the tensile strength vs time of ageing, σ t = f(t) (see Figure 2) . It was shown that during the initial period of ageing the undeformed specimens retain their initial tensile strength value. During ageing the deformed specimens there was a reduction in strength right from the beginning of the experiment. To confirm this difference we determined the equilibrium swelling of the CPIC specimens aged under the same conditions as applied for determining the tensile strength. It was found that during the initial stage of ageing under deformation the degree of swelling increases more rapidly, which indicates an increase in the probability of breakdown of the composition.
Together with the decrease in strength of the CPIC specimens with increase in deformation there also occurs a relation of the values of this characteristic. As the degree of deformation was increased this effect was observed to occur during a shorter test time. The temperature was found to have practically no effect on the stabilisation of strength during the time of the experiment. In order to predict the working life of the composition we studied the electrical properties under the simultaneous effect of all the factors studied. As a way of characterising the electrical properties we determined the change in resistance of the polyisoprene composition with time of ageing. During the oxidation of CPIC in the artificial ageing equipment we constantly recorded the values of the electrical characteristic and plotted the curves for log R = f(t) (Figure 3) .
At the start of the experiment it was observed that there was a considerable reduction in the electrical resistance as a result of reformation of the current-carrying paths when the current was applied during the ageing process. Tensile deformation also influences the reduction in resistance of the polyisoprene composition. Thus, with increase in deformation the electrical resistance was reduced, owing to the orientation of the elements of the carbon black structure along the axis of tension.
Comparison of the electron microscope images of the fracture surface of specimens of carbon black reinforced vulcanisates (aged without current, with a current of 40 V and also under the simultaneous effect of tension and current) confirms the theory regarding the orientation of the elements of the carbon black structure along the axis of the applied deformation and structural reformation.
After the region of reduction in the electrical resistance on the curves of log R = f(t) the values of R are practically unchanged at deformations of 20 and 50%, but at 100% an increase in the values of R is noted at the final stage.
With increase in temperature the region of increase in electrical resistance was also detected at other degrees of deformation and occurred after a shorter time of ageing. For instance, at 120°C such an increase was observed with deformations of the specimens of 50 and 100%, and at 140° the increase was observed for all degrees of deformation (and even without deformation). This is due to the acceleration of the breakdown process with increase in temperature, accompanied by breakdown of the currentcarrying paths.
Further increase in the electrical resistance can lead to a loss of operational efficiency of an article based on a conductive composition. For this reason, using the data obtained we employed a mathematical description program to calculate the theoretical service life of articles made from a conductive polyisoprene composition, taking account of the conditions of operation of the article. The results obtained by this calculation have found a practical application in the selection of the composition of an anode earthing system -an element used for protection of gas pipes against corrosion.
Hence, the use of the modified equipment for artificial ageing of polymers made it possible to study the oxidation processes of polymers with the simultaneous effect of deformation, electric current and temperature. The results were utilised to develop a design of apparatus for repeated use for heating food products in a package.
The results obtained from a study of the dependence of the electrical resistance of the compositions on the time of ageing with the simultaneous action of electric current and deformation were used in the calculation of the service life of an article made from polyisoprene composition, taking account of the operating conditions.
